INTRODUCTION 48 49
Understanding niche segregation processes is critical in ecology, particularly when investigating 50 the ecology of species communities. A community can be defined as a collection of species that 51 occur together in a common environment, or habitat, the organisms making up the community 52 being somehow integrated or interacting as a society (Chapman & Reiss 1999) . Each species has 53 its own unique niche (Grinnell 1924) . The ecological niche is a complex set of variables 54 structured along three main axes: habitat (influence of environmental variables), diet (diet 55 composition, trophic level and prey quality) and time (use of habitat and resources according to 56 time, such as seasons and time of day). Sympatric species with similar ecological requirements 57 would compete for resources and their coexistence requires some degree of habitat and resource 58 segregation (Pianka 1974) . Similar species that co-occur are thought to compete for resources 59 unless they occupy different physical locations and/or feed on different prey. A shared resource 60 in limited supply will bring about competition between members of the same species (intra-61 specific competition) or between individuals of different species (inter-specific competition) 62 (Roughgarden 1976) . Intra-specific competition may be expressed by sex or age related 63 difference in habitat and resource use and has consequences on social structures. Inter-species 64 competition can take various forms, including direct interference (aggressive behaviour) and 65 exploitation-competition, in which individuals indirectly compete for resources (Begon et al. 66 1986) . 67
Investigating segregation processes within communities of organisms having similar size and 68 morphology has been particularly challenging. In such communities, niche partitioning is 69 difficult to assess as it can occur over small spatial and temporal scales. For example, in species 70 with similar morphology (e.g. body size, jaw/beak shape, etc.), feeding niches are distinct even 71 particularly trophic level and foraging habitat) and time (seasons and time of day, Table 1 ). In 120 this study, we hypothesize that each delphinids species occupies its own ecological niche, defined 121 by at least one of the indicator used. Indeed, for any given pair of species, statistical difference 122 should be found for at least one of the variables tested (habitat, stable isotope values and temporal 123 variations). We will investigate habitat of delphinids in relation to physiographical variables, 124 activity budgets and their variability among species and according to time, and stable isotope 125 analyses (δ 13 C and δ 15 N) from biopsy samples. δ 13 C and δ 15 N isotopes help elucidate habitat use 126 (e.g. δ 13 C values typically vary from 13 C depleted in offshore, or pelagic-derived, to 13 C enriched 127 from inshore or benthic-derived C) and the position of the consumer in the food chain, 128 respectively (Hobson 1999) . They can also reflect local baseline differences in coastal waters 129 (Mallena & Harrod 2008) . The use of these isotopes has provided alternative information from 130 which to better understand top predator ecology, including marine mammals (Das et al., 2003) . 131 Activity budgets have been investigated for the three most common species (spinner, spotted and 132
Indo-Pacific bottlenose dolphins) in order to compare daily variation in behaviour and habitat 133 utilization. It allows investigating, at a short time scale (time of day), one of the temporal 134 dimension of the niche. We also assessed seasonal variations of habitat preferences, behavioural 135 budgets and stable isotope signatures, as seasonality may be a major factor segregating species 136 among them. Several types of boats were used to collect data: a 7-m catamaran equipped with two, four-stroke, 157 60-hp outboard engines; a 7-m boat equipped with two, two-stroke, 40-hp outboard engines; a 158 6.4-m cabin cruiser equipped with one, four-stroke, 150-hp outboard engine; and a 10.8-m cabin 159 cruiser equipped with two, four-stroke, 115-hp outboard engines. Surveys were conducted 160 throughout the study period during daylight hours between 07:00 h and 18:00 h in sea conditions 161 not exceeding Beaufort 3. Survey vessels did not follow pre-defined transects but every attempt 162 was made to sample the whole daylight period as well as each habitat type within the surrounding 163 waters of Mayotte, i.e. coastal areas, lagonal waters, barrier reef associated areas (inner and outer 164 slopes) and oceanic or slope waters (>500 m). When delphinids were encountered, standard 165 sighting data were recorded: species, group size (maximum, minimum, best estimate), geographic 166 position and behavioural activity. The predominant activity was defined as the behavioural state 167 in which most animals (> 50%) of the group were involved at each instantaneous sampling. 168
Typically, more than 90% of the animals in a group were engaged in the same activity. 169
In order to measure behaviour of the focal dolphin species and determine their behavioural 170 budgets, focal group follows were used (Mann 1999) . While one of the preferred option in 171 behaviour sampling is to follow a focal individual (Mann 1999) , this method was not suitable for 172 large aggregations of oceanic dolphins. In addition, following groups, rather than individuals, is 173 more suitable for behavioural studies as appropriate conditions for individual sampling are rare in 174 diving cetaceans (Whitehead 2004 ). Individual follows were generally possible in the easily 175 identifiable Indo-Pacific bottlenose dolphins, but not on each occasion, as some individuals were 176 not identifiable, but for comparative purposes, we used a focal group protocol, which has been 177 used in other studies on similar models (Neumann & Orams 2006) . The encountered group was 178 approached slowly (typically at 2-3 knots), from the side and rear, with the vessel moving in the 179 same direction as the animals. Groups were scanned, including all individuals, to negate attention 180 being drawn to only specific individuals or behaviours (Mann 1999 
Habitat analyses 231
We constituted a database in which every dolphin group observation was associated with the 232 physiographic characteristics (distance from the coast, distance from the nearest reefs, depth and 233 slope of seafloor) corresponding to the GPS (Global Positioning System) fixes of the observation. Institute). We represented the distribution of the four dolphin species investigated in relation to 240 the environmental predictors using kernel density plots to view the distribution of species. In 241 order to differentiate species niches, we performed Multidimensional Scaling (MDS), using 242
Euclidian distances between individual habitat characteristics. Metric Multidimensional scaling 243 (MDS) takes a set of dissimilarities and returns a set of points such that the distances between the 244 points are approximately equal to the dissimilarities. It displays the structure of distance-like data 245 as a geometrical picture (Gower, 1966) . In other words, the purpose of MDS is to provide a 246 visual representation of the pattern of proximities (i.e. similarities or distances) among a set of 247
objects. This multivariate analysis was used in order to discriminate species in their habitat 248 preferences. Presence-absence models were not used due to heterogeneous sampling of the study 249 area (for further details, see Clarke & Warwick 2001) . 250
In order to complement this multivariate approach, univariate non-parametric pairwise Wilcoxon 251 tests were used to compare species distribution for each environmental variables. Seasonal 252 differences of habitat preferences were investigated using Mann-Whitney U-tests for each species 253 in relation to the four environmental co-variates that were used. Two seasons were considered: 254 rainy/summer (November -April) and dry/winter seasons (May -October). Analyses were 255 performed using Rv2. (Table 2) . For fish and stable isotope analyses in muscle samples, sample size was 306 distributed al follows: Hemiramphus far (n=5); Mulloidichthys vanicolensis (n=5); Siganus 307 argenteus (n=5); Scarus russelii (n=5) and Caranx melampygus (n=2). 308
Focal follows were performed on 33 groups of spinner dolphins (total time spent=37.1 h: n=466 309 behavioural sequences), 28 groups of Indo-Pacific bottlenose dolphins (total time spent=25.5 h; 310 n=413 behavioural sequences) and 12 groups of pantropical spotted dolphins (total time 311 spent=16.3 h; n=193 behavioural sequences). The melon-headed whale was not included in the 312 behavioural budget analysis as sample size was too small (4 focal follows). Focal follows were 313 undertaken all around the island. 314
315
Habitat differentiation 316 Table 3 presents distribution of the four species investigated in relation to environmental 317 predictors. Table 4 presents correlations between variables. Only two variables were significantly 318 correlated: distance from the coast and depth (P = 0.019). Density plots show that habitat of the 319 four species were not well differentiated, apart along two habitat axes: depth and distance from 320 the coast (Figure 3 ). For these variables, the Indo-Pacific bottlenose dolphin occurs significantly 321 closer to the shore and in shallower waters, whereas the three other species are not well 322 discriminated. For the MDS, axes 1 and 2 explained 78.4% and 21.2% of the variance, 323 respectively ( Figure 4) . The plot slightly discriminated the Indo-Pacific bottlenose dolphin, but 324 segregation among the other three species appeared relatively weak. The pairwise comparison 325 (Wilcoxon tests) of species distribution for each variable provided more significant results. For 326 depth, the three species occurring essentially outside the lagoon (S. longirostris, S. attenuata and 327 P. electra) could not be discriminated (P > 0.05), while the T. aduncus significantly differed from 328 the three others (all P < 0.001). Slope did not segregate any species. The variable "distance from 329 the coast" significantly segregated T. aduncus from the three other species (all P < 0.0001). The 330 variable "distance from the nearest reef" was significantly discriminant among the oceanic 331 species: S. longirostris with S. attenuata (P = 0.002), S. longirostris with P. electra (P = 0.03). 332
For all variables, P. electra and S. attenuata were never discriminated (P > 0.05). In all delphinid 333 species, no seasonal variation of habitat preferences was observed, for any variable (all P > 0.05). 334 335
Behavioural budgets 336
As we used four types of vessel for collecting behavioural data, we tested for a potential boat 337 effect on the data but failed to find a significant difference (χ² = 3.238, df = 4; P = 0.569); 338 therefore, subsequent analyses reflect a pooled data set. In Indo-Pacific bottlenose dolphins, the 339 most frequent activities recorded were milling (32%), travelling (22%) and foraging (16%) 340 ( Figure 5 ). A quite similar pattern was also observed in the pantropical spotted dolphin, with 341 travelling being the prevalent activity (32%), followed by milling (22%) and foraging (18%). In 342 the spinner dolphin, socialising was the most commonly recorded behaviour (28%), followed by 343 travelling (26%) and milling (22%) ( Figure 5 ). Foraging behaviour was not observed in the 344 spinner dolphin. Among the three species, significant differences in activity budgets were found 345 (χ² = 177.33; df = 12; P < 0.0001). These differences were confirmed when performing pairwise 346 comparisons: T. aduncus vs. S. longirostris (χ² = 137.50; df = 6; P < 0.0001), T. aduncus vs. S. 347 attenuata (χ² = 53.42; df = 6; P < 0.001) and S. longirostris vs. S. attenuata (χ² = 109.18; df = 6; P 348 < 0.0001). 
Stable isotope analyses 370
Stable isotope values of delphinids and fish were significantly different, as shown in figure 7 . 371
The most apparent pattern was the higher trophic level of delphinids, reflected by higher δ 15 N 372 values. In addition, δ 13 C values in delphinids were lower than in fish. 373
In delphinids, stable isotope values were lower in blubber than in skin. However, the pattern of 374 differences observed between species was similar in both tissues (Figure 8 and 9) . The Fraser's 375 dolphin shows a high marginality in comparison to the other species, with significantly higher 376 δ 15 N values in the blubber (Figure 8 ). However, for skin values, overlap was observed with the 377 melon-headed (Table 5) . Overall, among species, significant differences in the skin existed for 378 δ 15 N (H = 33.6; df = 2; P < 0.0001) and δ 13 C (H = 53.6; df = 1; P < 0.0001). For blubber, 379 significant differences were also found for δ 15 N (H = 49.7; df = 1; P < 0.0001) and δ 13 C (H = 63; 380 df = 1; P < 0.0001). A similar statistical difference among species for blubber tissue was found, 381 even when excluding the Fraser's dolphin, very different to the four other species (H = 34; df = 2; 382 P < 0.0001 for δ 15 N and H = 60; df = 2; P < 0.0001 for δ 13 C). The Indo-Pacific bottlenose dolphin 383 had the greatest δ 13 C values, while the lowest values were observed in the Fraser's dolphin and in 384 the two species of the genus Stenella. The melon-headed whale had intermediate values of δ 13 C, 385 both for skin and blubber (Figures 8 and 9) . When looking at pairwise comparisons of δ 15 N and 386 δ 13 C values in blubber and skin tissues, however, some degrees of overlap can be observed 387 (Table 5) Seasonal variations of stable isotope signatures were observed in all species for skin and blubber 403 tissues (Table 6 ). In the two species of the genus Stenella and the melon-headed whale, that represents the foraging niche over days or in the blubber which integrates stable isotope 418 signatures over months (Abend & Smith 1995) . The indicators were selected for their ability to 419 document the main dimensions of the ecological niche along which segregation might occur: 420 physiographic characteristics describe the spatial dimension of the ecological niche, carbon 421 isotopic signature focuses on the coastal-offshore gradient of the foraging niche, nitrogen isotopic 422 signature expresses the resource dimension of the niche, and the daily activity budget deals with 423 temporal dimension. 424
Overall, the main finding of this work is that none of the indicators of trophic niche dimensions, 425 examined solely, reveals complete ecological segregation amongst the four species studied, but 426 the combination of all indicators do (Table 7) . Hence, physiographic characteristics of habitats 427 used by the dolphins during daylight, when visual observations were possible, only allow the 428 Indo-pacific bottlenose dolphin to be differentiated from the others. Carbon isotope signatures 429 allow the melon-headed whale to be separated from the Stenella dolphins. Finally nitrogen 430 isotopic signature and activity budget identify differences between spinner and pantropical 431 spotted dolphins. 432
Identifying the limitations of the study is necessary for delineating its validity range. Most daily 433 field trips were undertaken from Mayotte main harbour located on the east coast of the island and 434 were limited to daylight hours. Hence, effort was concentrated in the lagoon and the vicinity of 435 outer slope of barrier reef, within the 1000 m isobath, and nocturnal distribution and activity 436
could not be documented. The resource dimension of the niche was documented in a very 437 integrated way, as C and N isotopic contents of a predator express foraging habitat and trophic 438 level but not diet per se, which is only documented by sporadic direct observations when no 439 biological material is available. Also, in stable isotopes analyses, as in most studies relying on the 440 use of ecological tracers transmitted via food (e.g. fatty acids, contaminants, heavy metals), only 441 differences in stable isotope contents are really informative, whereas similarities may result from 442 a variety of prey combinations. Finally, behavioural budget data is limited by our capacity to 443 infer dolphin underwater activity from surface events. In particular, foraging, which is the key 444 activity to consider when investigating segregation mechanisms, can either be associated to no or 445 barely visible surface events or to explicit and often highly dynamic ones. Nonetheless, in a 446 multifaceted approach as the one followed here, the limitations of each indicator tend to be 447 compensated by the others. For instance, stable isotope analyses reveal foraging habitat and 448 trophic level of prey eaten day and night over the past few days or months, which is extremely 449 useful to disentangle the inherent ambiguities of observations limited to daylight hours. 450
Conversely, behavioural data can help identify differences in foraging strategies that cannot be 451 found in stable isotope analyses. 452
The ecological significance of these indicators will now be interpreted sequentially from those 453 related to the spatial, the resource and finally the temporal dimensions of the ecological niche. Elsewhere, T. aduncus is known to feed on fish species that do not aggregate in large schools 513 (Mann et al. 2000) . 514
The two Stenella have largely overlapping ranges of both physiographic habitats and carbon 515 isotopic contents, even if S. attenuata is seen slightly further offshore and is nonetheless slightly 516 carbon-enriched (higher δ and melon-headed whales, although generally seen associated, do not overlap in their isotopic 544 niches, the latter being more δ 13 C enriched than the former, which could be interpreted as feeding 545 a deeper food source, possibly associated to peri-insular slopes, whereas the Fraser's dolphin 546 would rely on large epi-to-mesopelagic truly oceanic prey. These two species might associate for 547 other reasons than foraging, such as social advantage or vigilance against predators. 548
549
Temporal segregation inferred from seasonal patterns and activity budgets 550
Our study did not reveal seasonal variations of occurrence or habitat preferences as based on the 551 analyses of visual observations; this could be linked to the absence of seasonal variability in 552 tropical environments. On the other hand, stable isotope values displayed significant differences 553 between dry and rain seasons in all species. Oceanic species, i.e. spinner, pantropical spotted 554 dolphins and melon-headed whales, showed similar levels of variation. Conversely, the Indo-555
Pacific bottlenose dolphin differed. This species only foraged in the lagoon, and, during the rainy 556 season, δ 13 C values were enriched, which could be linked to increasing hydrodynamic activity 557 and remobilisation of benthic sources of carbon in the lagoon. It is therefore suggested that all 558 species have the same habitat use year-round, but isotopic content can vary seasonally as a result 559 of hydro-climatic processes. 560
At a finer time scale, segregation mechanisms could rely on differential daily activity budgets 561 between species; this aspect was investigated in the bottlenose and the two Stenella dolphins, but 562 not in the melon-headed whale. Foraging activities of Tursiops aduncus were observed 563 throughout the day, but more frequently in the morning, closer to shore. A similar pattern was 564 observed in common bottlenose dolphins (Tursiops truncatus) in Florida (Shane 1990) . 565
Pantropical spotted dolphins feed during daylight, with an increase in feeding activity along the 566 day. Nocturnal feeding is not excluded for these two species but could not be accessed directly. 567
Spinner dolphins would only feed at night as foraging was never observed during daylight hours. niche. The use of multiple approaches (habitat, behaviour and feeding ecology studies) was most 583 useful to investigate ecological niche segregation, especially when looking at closely related 584 species within a common restricted range. We hypothesize a conceptual scheme of resource 585 partitioning inferred from these measurements: 586 1 -The Indo-pacific bottlenose dolphin is mostly confined to the inner lagoon or at least in 587 shallow reef-associated habitats. They feed diurnally (possibly nocturnally as well, although this 588 could not be documented), with daily routines that would follow variation in prey catchability 589 during the day, e.g. mullet being often caught close to the coast in the morning, and Caranx 590 melampygus and Hemiramphus far the rest of the day across the lagoon; 
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